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SELECTED FACTORS FOR CONVERTING INCH-POUND UNITS
TO THE INTERNATIONAL SYSTEM OF UNITS (SI)

For those readers who may prefer to use the International System of units rather
than inch-pound units, the conversion factors for the terms used in this report are given
below.

Multiply inch-pound unit By To obtain SI unit

inch 25.40 millimeter

foot per mile 0.18943 meter per kilometer

foot 0.3048 meter

foot per second 0.3048 meter per second

mile 1.609 kilometer

square mile 2.590 square kilometer

cubic foot per second (ft 3/s) 0.02832 cubic meter per second

acre 0.4047 hectare

acre-foot 1,233 cubic meter

acre-foot per acre 3,047 cubic meter per hectare

gallon per minute 0.003785 cubic meter per second

micromhos per centimeter 1.00 microsiemen per centimeter
(umho/cm) (wS/cm)

To convert_degrees Celsius °C) to degrees Fahrenheit (°F) use the following formula:
o )
F=18x C+32

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived

from a general adjustment of the first-order nets of both the United States and Canada,
formerly called mean sea level.

vii



A PRELIMINARY ASSESSMENT OF THE HYDROLOGIC CHARACTERISTICS
OF THE JAMES RIVER IN SOUTH DAKOTA

By Rick D. Benson

ABSTRACT

This report, summarizing the results of a 6-month investigation of the hydrologic
characteristics of the James River in South Dakota, was prepared at the request of the
U.S. Bureau of Reclamation. Information provided in this report will be used by the
Bureau as part of a joint study effort between the Bureau and the State of South Dakota
in an ongoing investigation of the potential of supplying additional water from the
Garrison Diversion Unit in North Dakota to the James River in South Dakota.

The James River in South Dakota has very restricted channel capacities in the
upstream reach within the Lake Dakota Plain. Channel capacities in Brown County are
as little as 200 cubic feet per second, and spring flooding can be expected on an average
of every other year. The entire river in South Dakota has potential for extended
periods of flooding an average of once in 10 years. Extended periods of no flow during
late-summer and winter also can be expected. Excluding flows of a very large
magnitude, average traveltime between Columbia and Scotland (a distance of 382 river
miles) is estimated to be 25-30 days for most flows. The upstream reach of the James
River within the Lake Dakota Plain generally loses discharge with distance whereas the
downstream reach generally gains discharge with distance. Interaction between
underlying aquifers and the river does not appear to be significant along upstream
reaches of the James River. Some interaction, although not quantified, does occur in
Hanson, Davison, and Yankton Counties.

Sand Lake National Wildlife Refuge, located just downstream from the State line
and containing Sand and Mud Lakes (combined capacity = 24,600 acre-feet), is a major
source of water loss between LaMoure, N. Dak., and Columbia, S. Dak. Gross
evaporation losses from the lakes during 1969-81 are estimated to have been slightly
more than 29,000 acre-feet per year. Unaccounted-for losses in the lake system are
estimated to have been slightly more than 19,000 acre-feet per year. Water-quality
analyses of lake samples indicated detectable concentrations of certain pesticides
(2,4-D; DEF; atrazine; dicamba; and picloram). Dissolved-oxygen monitoring indicated
probable photosynthetic activity in both lakes.

INTRODUCTION

Background

The U.S. Bureau of Reclamation and the State of South Dakota are jointly
investigating the potential of supplying additional water from the Garrison Diversion
Unit in North Dakota to the James River -in South Dakota. The additional water
supplies to South Dakota would be used along the entire James River area for
municipal, industrial, irrigation, recreational and fish and wildlife purposes.



Investigations were begun by the establishment of a Garrison Study Management
Board in May 1981 by the Governor of the State of South Dakota. At the request of the
State and through the guidance of this Management Board, the Bureau completed a
special report titled "Garrison Extension Special Report" in January 1982. It became
apparent from this report that further appraisal investigations were needed and a joint
study titled "South Dakota Water Deliveries Study" was begun between the Bureau and
the State. As part of this ongoing investigation, the Bureau requested that the U.S.
Geological Survey conduct certain hydrologic and hydraulic studies on the James River
in South Dakota. These studies are summarized in this report.

Objectives and Scope

The objectives of this study were to more accurately define certain hydrologic
and hydraulic characteristics of the James River and its tributaries in South Dakota, to
analyze the water budget and water quality within the Sand Lake National Wildlife
Refuge, and to identify the need for additional studies. Hydrologic and hydraulic
characteristics are defined based on analyses of channel capacity, flow duration, flood-
wave traveltimes and mean velocities, stream gains and losses, flood frequencies, and a
review of ground-water/surface-water relationships. The majority of the study is based
on currently available data (1981); however, some onsite work was done including
discharge measurements, well location, and water-quality sampling.

Setting

The James River is a prairie stream that originates near Fessenden, N. Dak., and
joins the Missouri River near Yankton, S. Dak. (fig. 1). The river is about 747 miles
long, with about 273 river miles located in North Dakota and about 474 river miles
located in South Dakota. The James River basin encompasses approximately
22,000 square miles, with about 14,000 square miles located in eastern South Dakota
and about 8,000 square miles located in southeastern North Dakota.

The basin is located in the Central Lowlands physiographic province, occupying a
relatively flat plain between the Coteau du Missouri on the west and the Coteau des
Prairies on the east (Flint, 1955). Near the North Dakota-South Dakota border, the
river enters an area of about 2,000 square miles called the Lake Dakota Plain (fig. 1).
A majority of the soils in the basin were formed on glacial till or loamy glacial drift.
Within the Lake Dakota Plain, soils were formed on sandy to clayey lake sediments.

The James River has one of the flattest slopes of any river of similar length in
North America. In South Dakota, the altitude of the river only decreases about
130 feet in 474 river miles. Within the Lake Dakota Plain, the slope of the river in
southern Brown County is less than 0.1 foot per mile.

Channel capacities within South Dakota vary between a minimum of 200 ft3/s in
southern Brown County to a maximum of 10,000 ft 3/s near the mouth. Frequent
flooding occurs within the Lake Dakota Plain during spring snowmelt. Since 1940, the
river within the Lake Dakota Plain has flooded in 1943, 1947, 1948, 1950, 1951, 1952,
1962, 1966, 1969, 1972, 1975, 1978, and 1982, or an average of every 3.3 years. Less
frequent flooding also occurs during spring snowmelt on the lower James River
downstream from Huron, S. Dak. '
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Within the Lake Dakota Plain, high tributary inflows can cause the river to flow in
the upstream direction (reverse flow) on certain occasions. In 1969, inflows from the
Elm River caused the James to flow in the reverse direction at Columbia, S. Dak., for
9 days (maximum daily discharge equal to -1,860 ft3/s) and inflows from Snake Creek
caused the James to flow in the reverse direction at Ashton, S. Dak., for 7 days
(maximum daily discharge equal to -2,100 ft 3 /s).

Regulation of flows entering South Dakota is provided by Jamestown Reservoir,
constructed by the Bureau of Reclamation, and Pipestem Reservoir, constructed by the
U.S. Army Corps of Engineers, both located near Jamestown, N. Dak. Three major
National Wildlife Refuges are located on the river between New Rockford, N. Dak., and
Columbia, S. Dak.; they are: Arrowwood, Dakota Lake, and Sand Lake.

Two dams are located on the main stem near Huron. They are the James
Diversion Dam (capacity 4,980 acre-feet) and the Third Street Dam (capacity
2,700 acre-feet) which both serve as the city of Huron's major water supply. Several
other smaller dams are located on the main stem within South Dakota. Most of the
smaller dams were privately constructed and are used as river crossings or as diversion
points for private irrigation. Other dams (Tacoma Park and Spink County) serve
primarily as recreation points on the river.

The Geological Survey has collected flow and water-quality data at several
locations within the basin in South Dakota. Data collected at the main-stem gages are
summarized in table 1 (the station at LaMoure, N. Dak., also is included in this table).
Similar data for the tributaries are summarized in table 2 and locations where water-
quality data have been collected are summarized in table 3. The location of the
Geological Survey gaging stations (both active and discontinued) within the basin in
South Dakota are shown in figure 2. Four stations, installed in 1981 for a l-year
sediment study in the lower James area, are not included in table 2 or in figure 2. Plots
of historic streamflow for the main-stem gaging stations are included in the Supple-
mental Information section (figs. 30-37) at the back of the report.
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within the James River basin in South Dakota.




ANALYSIS OF CHANNEL CAPACITY
Procedure

An attempt was made to define bankfull capacities by making discharge measure-
ments when the James River was at or near bankfull capacity. Discharge measure-
ments were made at 23 sites on the river in South Dakota (fig. 3).

The initial measurements were made April 26-28, 1982, when the river was at or
near bankfull capacity in the reach between the Brown-Spink County line and Huron.
The river did not reach bankfull capacity downstream from Huron and the discharge
measurements in that reach were made May 3-6, 1982. The final measurements were
made June 16-18, 1982, when the river in the reach within Brown County had receeded
to near bankfull capacity.

Discussion

The discharge measurements, summarized in table 4, accurately reflect the
channel characteristics of the James River in South Dakota. Within Brown County
(sites 1-6), discharges of between 156 and 386 ft /s caused bankfull conditions at most
locations. Between the Brown-Spink County line and the vicinity of Ashton (sites 7-10),
discharges of between 799 and 1,060 ft3/s caused bankfull conditions. South of the
vicinity of Redfield (sites 11-23), bankfull conditions were not reached.

The restricted channel conditions present in Brown County are quite evident, as is
the noted increase in channel capacity when the river leaves the Lake Dakota Plain
near Redfield.

Estimated bankfull capacities for the James River at selected locations in South
Dakota are summarized in table 5. The Geological Survey estimates are based on the
discharge measurements contained in table 4. The other estimates have been reported
by the U.S. Bureau of Reclamation (1977, table 1) and the Missouri River Basin
Commission (1980a, p. 9, p. 13).

ANALYSIS OF FLOW DURATION

Procedure

Duration hydrograph plots were prepared for each of the main-stem gaging
stations, using Program K956 (Wilson, 1981) in conjunction with mean daily-discharge
data stored in the U.S. Geological Survey's WATSTORE daily-values file. Each plot
shows the daily discharge values for the 20-, 50-, and 80-percent exceedance values. A
20-percent exceedance value represents a mean daily discharge that can be expected to
be equaled or exceeded on an individual day an average of once in 5 years (sometimes
referred to as a 5-year flow). Likewise, the 80-percent value represents a mean daily
discharge which can be expected to be equaled or exceeded on an individual day an
average of once in 1.25 years (a 1.25-year flow). The 50-percent value (also the median
in this particular application) can be expected to be equaled or exceeded on an
individual day an average of once in 2 years (a 2-year flow). The minimum and
maximum recorded daily values also are plotted.
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Table 5.—Representative channel capacities for the James River in South
Dakota as determined by the U.S. Geological Survey, U.S. Bureau
of Reclamation, and the Missouri River Basin Commission

Representative channel capacity (cubic feet per second)

U.S. Geological U.S. Bureau Missouri River
Location ' Survey of Reclamation Basin Commission
Columbia Road Dam
Columbia gaging station 150-200 200 o
- 700 700
Tacoma Park 350-500 425
U.S. Highway 12 - -
Moccasin Creek 200-300 200-390 oo
Stratford gaging station 300-400 290 o
gaging 1,000-1,100 1,000 500
Mud Creek
- 1,000-1,100 1,000 -
State Highway 20
A A . - 1,000 1,000
shton gaging station
, - 1,700 1,700
Snake Creek
- 3,000 3,000
Turtle Creek _ 5.000 -
Redfield gaging station _ ’ 1/
James Diversion Dam _ - 3,800
Huron gaging station - - 2,700
Beadle/Sanborn County line _ - 3’000
Forestburg gaging station _ — 3’400
State Highway 37 __ - 1,000
Mitchell _ ~ 2,000
State Highway 42 B _ 2,600
State Highway 44 - _ 3,400
Olivet _ _ 2,800
Scotland gaging station _ - 2,600
U.S. Highway 81 _ _ 2,400
. . . H
Mission Hill - - 10,000

Mouth

1/ Backwater from James Diversion Dam.
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Discussion

Following is a discussion of the duration hydrographs for each of the main-stem
gages in South Dakota. Limitations in the computer program required that the analyses
be made for 9, 19, 29, 39, or 49 years and, therefore, it was not possible to use the
entire period of record for the analyses. The period of record on which each duration
hydrograph is based is specified.

James River at Columbpia

The duration hydrograph for the James River at Columbia (station 06471000) is
shown in figure 4. The hydrograph is based on the 29 years of record from water year
1953 through water year 1981.

The hydro§raph indicates that, during the 29 years, flows at Columbia never
exceeded 200 ft ®/s during December 19-March 21. Twenty percent of the time, flows
can be expected to exceed 200 ft3/s on any individual day during April 10-August |
(excluding June 4-10), or 124 days. The bankfull capacity of the river between
Columbia and Stratford is as little as 200 ft 3 /s at certain locations (table 5).

Fifty percent of the time, zero flow can be expected on any individual day during
December 23-March 11 and September 12-October 15. Zero flow occurred on each day
of the year sometime during the 29 years.

James River near Stratford

The duration hydrograph for the James River near Stratford (station 06472000) is
shown in figure 5. The hydrograph is based on the 19 years of record from water year
1953 through water year 1971.

The hydrograph is quite similar to the one for Columbia discussed previously.
Flows never exceeded 200 ft3/s during December 28-March 19. Flows exceeding
200 ft3/s can be expected in | of 5years on any individual day during March 24-
August 17. Daily flow with a 50-percent exceedance probability (equivalent to the
median flow) during the first 25 days of May ranges between 196 and 228 ft3/s.
Considering the restricted channel capacity in the reach between Columbia and
Stratford (200 ft3/s), this indicates that bankful conditions or minor flooding can be
expected every other year during May.

The hydrograph also indicates that, on an average of every other year, zero flow
can be expected on any individual day during October 6-November 15 and January 5-
March 7. As at Columbia, zero flow occurred on each day of the year sometime during
the analysis period.
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James River at Ashton

The duration hydrograph for the James River at Ashton (station 06473000) is
presented in figure 6. The hydrograph is based on the 29 years of record from water
year 1953 through water year 1981.

The channel capacity between Stratford and Ashton is estimated to be about
1,000 £t 3 /s (see table 5). The data in figure 6 indicate that flows exceeding 1,000 ft3/s
have occurred during April 1-June 12 and July 18-August 21. However, the 20-percent
exceedance flows at Ashton never exceed 1,000 ft3/s. The duration-hydrograph tables
(not included in this report) indicate that 10-percent exceedance flows (flows expected
an average of once in 10 years) exceed 1,000 ft3/s on any individual day during
April 14-May 16, or 33 days.

The 50-percent exceedance flows (median flows) are zero during most of October
and a part of November. As with the previous two stations, zero flow occurred on each
day of the year sometime during the analysis period.

James River near Redfield

The duration hydrograph for the James River near Redfield (station 06475000) is
presented in figure 7. The hydrograph is based on the 29 years of record from water
year 1953 through water year 1981.

The channel capacity between Ashton and Redfield is estimated to be about
1,700 ft3 /s (table 5). Flows exceeding this have occurred during March 17-May 26.
The 20-percent exceedance flows have not exceeded 1,700 ft3/s. However, the
10-percent exceedance flows (not plotted) exceed 1,700 ft3/s on any individual day
during April 4-April 24. Therefore, flows exceeding bankfull capacity can be expected
to occur on any given day during the 21 days in April an average of once every 10 years.

The median flow (50-percent exceedance) has always been greater than zero at
Redfield, although it is less than | ft 3 /s for 49 days during the year. Zero flow was not
recorded at Redfield during April 5-May 13, May 17-19, and May 23-24. However, the
flows were less than 3 ft 3 /s during these periods.

James River at Huron

The duration hydrograph for the James River at Huron (station 06476000) is shown
in figure 8. The hydrograph is based on the 29 years of record from water year 1953
through water year 198 1.

The channel cag)acity between the James Diversion Dam and Huron is estimated
to be about 3,800 ft~ /s (table 5). The data in figure 8 indicate that mean daily flows
exceeding this value have occurred at Huron during March 27-May 12. The 10-percent
exceedance flows (not plotted) equal or exceed 3,800 ft3 /s on individual days during
March 31-April 7. :

The 50-percent exceedance flow is 1 ft3/s or less for 52 days, occurring during
September through December. Unlike Redfield, zero flow was recorded on each day of
the year sometime during the analysis period. This probably can be attributed to
regulation by the James Diversion Dam, withdrawals for irrigation, and municipal
withdrawals by the city of Huron.
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James River near Forestburg

The duration hydrograph for the James River near Forestburg (station 06477000)
is shown in figure 9. The hydrograph is based on the 29 years of record from water year
1953 through water year 1981.

The channel capacity between Huron and Forestburg is estimated to range
between 2,700 and 3,000 ft3/s (table 5). Flows exceeding 3,000 ft3/s have been
recorded on individual days during March 15-18, March 27-June 3, and June 10-16. The
10-percent exceedance flow (not plotted) exceeds 3,000 ft 3 /s on individual days during
March 31-April 14. The 50-percent exceedance flow (median) ranges between 6 ft3/s
(October 6) and 350 ft 3 /s (May 15). Zero flow never was recorded during March 11-
June 30 (minimum flows during June were 1 ft3/s or less and are not plotted due to
scale selection), although the highest minimum flow during this period was only 9 ft 3/s.

James River near Scotland

The duration hydrograph for the James River near Scotland (station 06478500) is
presented in figure 10. The hydrograph is based on the 49 years of record from water
year 1933 through water year 1981.

The channel capacity between Forestburg and Scotland is estimated to range
between 1,000 and 3,400 ft3/s (table 5). Flows exceeding 3,400 ft3/s have been
recorded on individual days during March 15-17 and March 20-July 22. Mean daily flows
exceeding 1,000 ft 3/s have been recorded during February 13-21, February 25-
August 17, August 30-September 1, September 3-5, September 22-25, and
September 30. The 3,400-ft3/s discharge is not exceeded by the 20-percent exceed-
ance line, but is exceeded by the 10-percent line (not shown) on individual days during
March 29-April 23. Thus, flows exceeding 3,400 ft3/s can be expected an average of
once in 10 years on any individual day during the 26 days from March 29 through
April 23. A 1,000-ft 3 /s mean daily flow is exceeded an average of once in 5 years on
any given day during the 105 days from March 15-June 27and an average of once in
10 years on any given day during the 129 days from March 11-July 17. The 10-percent
exceedance line also equals or exceeds 1,000 ft 3 /s on individual days during March 6-8,
July 22-25, and August 3-8.

The median flow (50-percent exceedance) ranges between 20 and 488 ft3/s.
Although not shown due to scale selection, zero flow at Scotland was recorded during
January 30-February 4, July 12-September 1, and September 5-December 4 sometime
during the analysis period.

Conclusions

The duration-hydrograph analysis of the main-stem gaging stations depicts the
James River as a river with potential for relatively high flows during spring snowmelt
and early-summer from thunderstorms and extended periods of no flow during late-
summer to spring breakup. Upstream from Huron, zero flow conditions have occurred
for an entire year.

When channel capacities are taken into consideration, the entire river in South
Dakota has potential for extended periods of flooding an average of once in 10 years.
Within the Lake Dakota Plain, especially Brown County, the river causes extended
periods of spring flooding an average of once in 5 years. In the vicinity of Stratford,
the restricted channel capacity results in flooding an average of every other year.
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The duration-hydrograph analysis, in conjunction with the estimated channel
capacities, should provide a tool to evaluate the potential flooding impacts of
importation of additional flows into the James River in South Dakota. For instance, the
importation of a certain volume of flow into the river virtually decreases the river's
capability to convey natural flows by a volume equal to the imported flow. Therefore,
the duration of flooding subsequent to flow importation can be analyzed by subtracting
the imported flow from the bankfull capacity and then comparing this to the applicable
duration hydrograph.

For example, importation of 100 ft3/s of flow would decrease the river's
capability to convey natural flows by 100 ft3/s. In the vicinity of Stratford where the
channel capacity is as little as 200 ft 3/s, the river's capability to convey natural flows
would be decreased to 100 ft3/s. From figure 5, the time span for the occurrence of
the 5-year flow (20-percent exceedance probability) would be increased from 147 days
(March 24-August 17) to 154 days (March 21-August 21). The impact on the median
flow (50-percent exceedance probability) would be much greater where the time span
for the occurrence of flows of 200 ft3/s or more would be increased from 23 days to
94 days. Similar comparisons can be made for other imported flow volumes and at
other locations.

ANALYSIS OF TRAVELTIME

Flood-Wave Velocity

Procedure

Daily-discharge values during water year 1969 through water year 1981 were
retrieved from WATSTORE and plotted for each main-stem gaging station between
Columbia and Scotland. The plots for each station were then compared to determine
the number of days required for a specific flood-wave to travel through the river
system. Flood-wave speed is called celerity and usually is 1.0 to 1.3 times faster than
mean velocity.

It was necessary to give particular attention to the peaks caused by tributary
inflows. During the snowmelt period, direct drainage and tributary inflows generally
cause intermediate peaks which precede, and usually exceed, the peak of the flow
traveling down the main stem. This is particularly true for a station such as the James
River near Redfield where Turtle Creek, a major tributary, enters a relatively short
distance upstream from the gage.

Because warming occurs from south to north in the spring and the river flows
north to south, snowmelt peaks are difficult to follow downstream. The effect of this is
that the peaks will occur within a few days of each other through the whole reach and
the downstream peaks may even occur first.

Due to physical changes that have occurred on the river during recent years
(bridge and levee construction, increased occurrance of log jams due to dutch elm
disease, and so forth), the entire period of record was not analyzed. Because water
year 1969 was a year of record peak flows, the analysis included the period from water
year 1969 through water year 1981.

24



Detailed discussions are presented for particular flows during water years 1969,
1970, and 1972 to show the variation in traveltimes of flood waves of different
magnitudes. These particular years were chosen because the Stratford and Mitchell
gages were operative through water year 1972. All references to peaks in the following
discussion refer to maximum daily discharge.

Discussion

Water Year 1969

In 1969, a negative peak (reverse flow = -1,750 ft 3 /s) was recorded on the James
River at Columbia on April 11. This resulted from Elm River inflows (a peak flow of
11,900 £t 3 /s was recorded on the Elm River at Westport on April 10). Reverse flow at
Columbia ended on April 14 and the James River peaked at 4,570 ft 3 /s on April 22.

At the gage near Stratford, the James River peaked at 4,820 ft3/s on April 24.
This would indicate a traveltime of 2 days between Columbia and Stratford for a flow
of this magnitude. Although the river mileage between Columbia and Stratford is
79 miles, a flow of this magnitude would be mostly overbank flow and the effective
reach length would be considerably less.

At Ashton, a maximum daily reverse discharge of -2,100 ft 3/s was recorded on
the James River on April 9. The reverse flow started on April 6 and ended on April 12
and resulted from Snake Creek inflows (a peak of 6,650 ft 3 /s was recorded on Snake
Creek near Ashton on April 11). The peak flow for the James River at Ashton was
5,670 ft3/s on April 24. The river mileage between Stratford and Ashton is 45 miles
(considerably less for overbank flow). It is possible that, for a flow of this magnitude,
the traveltime could be less than 1 day.

At the gage near Redfield, the James River peaked at 7,280 ft3/s on April 13.
The hydrograph shows a recession of flow through April 19 to a minimum of 4,660 ft3/s
and then increasing flow until a secondary peak of 6,260 ft3/s on April 24. The
April 13 peak of 7,280 ft 3 /s was due to inflows from Snake Creek (peak of 6,650 ft3/s
on April 11) and Turtle Creek (peak of 7,120 ft3/s on April 7). The April 24 peak at the
Redfield gage is only slightly higher than the April 24 peak that occurred at Ashton.
Considering that the reach length is only 19 miles, it is possible that the traveltime
between Ashton and Redfield is less than 1 day for the peak of a flow of this magnitude.

At Huron, the river peaked at 8,940 ft3/s on April 12, receded to 5,650 ft3/s on
April 22 and 23, and then had a secondary peak of 5,980 ft 3/s on April 27. The initial
peak on April 12 can probably be attributed to the combined effects of tributary inflows
and direct drainage to the river since this peak at Huron occurred 1 day prior to the
peak at Redfield. The secondary peak on April 27 would indicate a 3-day traveltime
between Redfield and Huron, a distance of 62 river miles.

At Forestburg, the river peaked at 12,200 ft3/s on April 10, receded to
5,400 £t 3 /s on April 25, and then had secondary peaks of 6,010 ft3/s on April 28 and
5,980 ft3/s on May 1. The reach length is 43 miles and the hydrograph indicates a
4-day traveltime between Huron and Forestburg.

At Mitchell, the river peaked at 13,200 ft 3 /s on April 11, receded to 6,100 ft */s
on April 25, rose to a peak of 6,600 ft3/s on April 28, receded to 5,900 ft3/s on
April 30, and then peaked again at 6,400 ft 3/s on May 2. The hydrograph indicates a
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1-day traveltime for a peak of a magnitude of 12,000-13,000 ft>/s. The peak on May 2
also indicates a traveltime of 1 day for a peak of 6,400 ft3/s. The reach length
between Forestburg and Mitchell is 55 river miles.

At Scotland, the river peaked at 13,900 ft 3 /s on April 13, receded to 5,670 ft3/s
on May 1, and then had a secondary peak of 5,930 ft3/s on May 7 and 8. This would
indicate a 2-day traveltime for the initial peak (more than 135000 ft3/s) and a 5-day
traveltime for the secondary peak (slightly less than 6,000 ft°/s). The reach length
between Mitchell and Scotland is 83 miles.

Water Year 1970

On December 10, 1969, the James River at Columbia peaked at 417 ft3/s.
Streamflow records indicate a stream gain of 10,370 acre-feet between the gages at
LaMoure, N.Dak., and Columbia, S.Dak., during December 1969. Operation records for
Sand Lake National Wildlife Refuge indicate a net change in storge of -12,300 acre-feet
during December 1969. Streamflow records for local tributaries (Maple River and Elm
River) indicate little or no flow. Therefore, it is concluded that the peak at Columbia
was caused by releases from Sand Lake National Wildlife Refuge.

At the gage near Stratford, the river peaked at 340 ft3/s on December 15, 16,
and 17. This would indicate a 5- to 7-day traveltime between Columbia and Stratford
for a flow of this magnitude.

At Ashton, the peak was 310 ft 3 /s on December 24, 25, and 26, indicating a 9-day
traveltime between Stratford and Ashton.

At Redfield, the river peaked at 310 ft 3 /s on December 27 and 28, indicating a 2-
to 3-day traveltime between Ashton and Redfield. Records indicate that tributary
inflows in the vicinity of Redfield were virtually zero during this period.

At Huron, the river peaked at 323 ft3/s on December 31. Although a slight
increase in the peak is indicated, the river receded to 310 ft3/s (same as peak at
Redfield) on the following day (January 1) and a traveltime of 4 days is indicated by the
hydrograph.

The river peaked at 320 ft3/s near Forestburg on January 3. This indicates a
3-day traveltime between Huron and Forestburg.

At Mitchell, the river peaked at 290 ft3/s on January 4 and 5, indicating a 1- to
2-day traveltime between Forestburg and Mitchell. Gaged flows from intervening
tributaries continued to be virtually zero during this period.

At Scotland, the river peaked at 240 ft 3/s on January 5, receded to 210 ft 3/s on
January 10 and then rose to 220 ft3/s on January 12 before beginning a gradual
recession for the rest of the month. If this secondary peak can be attributed to the
Sand Lake release, it would indicate a 7-day traveltime between Mitchell and Scotland.

The above analysis indicates a 30- to 35-day traveltime between Columbia and
Scotland for a flow of 200 to 400 ft3/s.
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Water Year 1972

On April 7, 1972, the James River at Columbia peaked at 705 ft3/s. During
March 18-22, the river at Columbia was in a reverse flow condition, peaking at
-1,180 ft3/s. This was caused by inflows from the Elm River (peak of 3,500 ft 3 /s on
March 19). :

At the gage near Stratford, the James River peaked at 978 ft3/s on April 7,
receded to 957 ft3/s on April 11, and then rose to 973 ft3/s on April 12 and 13 before
beginning a gradual decline. Assuming that the initial peak was caused by intervening
tributary inflows and direct drainage to the river, the traveltime between Columbia and
Stratford was 5-6 days.

At Ashton, the river peaked at 797 ft 3 /s on April 19, and then receded during the
remainder of the month. This would indicate a traveltime of 6-7 days between
Stratford and Ashton. ~

At the gage near Redfield, the peak flow was 1,970 ft3/s and was recorded on
March 21. This peak was caused by tributary inflows from Turtle Creek (peak of
1,000 ft3 /s on March 19) and Snake Creek (the South Fork Snake Creek near Athol had
a peak of 1,120 ft* /s on March 17). The river then receded to 899 ft3/s on April 4 and
then rose to 947 ft3/s on April 17 before beginning a gradual decrease for the
remainder of the month. The flow at Redfield during April subsequent to the peak on
April 17 is greater than the peak recorded at Ashton (797 ft3/s on April 19) and it is
not possible to detect the traveltime between Ashton and Redfield for this particular
flow from the hydrograph.

At Huron, the river peaked at 2,480 ft3/s on March 23. This would indicate a
traveltime of 2 days between Redfield and Huron for this particular flow. Again it is
not possible to determine when the 797 ft3/s peak at Ashton on April 19 actually
passed Huron.

At the gage near Forestburg, the river peaked at 2,450 ft 3/s on March 26. This
would indicate a 3-day traveltime between Huron and Forestburg.

The peak flow at Mitchell was 2,140 ft3/s on March 30, indicating a #4-day
traveltime between Forestburg and Mitchell.

At the gage near Scotland, the peak was 2,050 ft 3 /s on April 3 and &, indicating a
4-5 day traveltime between Mitchell and ‘Scotland.

Summarizing the analysis for 1972, the traveltime for a flow of 700-900 ft3/s
between Columbia and Ashton appeared to be 11-13 days. The traveltime for a
different flow (2,000-2,500 ft3/s) between Redfield and Scotland appeared to be about
13-14 days. In 1970 (previously discussed), the traveltimes between the respective
stations were 17-18 days and 15-16 days for a flow of a smaller magnitude.
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Conclusions

The traveltime of flood-waves in the James River is, of course, dependent on the
magnitude of the flow under consideration. The hydrographs of the 1969 flow, where
peaks ranged from about 4,000 ft /s in the upper James to almost 14,000 ft3 /s in the
lower James, indicate a flood-wave traveltime of about 12-15 days between Columbia
and Scotland. In 1972, where peaks ranged from about 700 to about 800 ft3/s in the
upper James, the flood-wave traveltime between Columbia and Ashton appears to be
11-13 days. For a slightly larger flow in 1972, the flood-wave traveltime between
Redfield and Scotland appears to be 13-14 days. In 1970, a smaller flow (200-400 ft 3 /s)
appears to have had a 30- to 35-day traveltime between Columbia and Scotland. The
cumulative traveltime below Columbia for the 1969, 1970, and 1972 flows is presented
in figure 11.

Mean Velocity

Procedure

Mean velocities were computed for 23 locations on the James River in South
Dakota using the data obtained from the discharge measurements that were made in
April-June 1982. The mean-velocity data and reach lengths were used to compute
traveltimes for various reaches of the river. Traveltime based on mean velocity is an
indication of transport time and is referred to as water traveltime.

Discussion

The total water traveltime between Columbia and Scotland equals 31 days using
the mean-velocity data (table 6). The hydrograph analysis for a flow of a similar
magnitude indicated a flood-wave traveltime of 24-27 days. These results are very
comparable in that the hydrograph analysis was an evaluation of flood-wave traveltime
(celerity), which usually is 1.0 to 1.3 times faster than mean velocity.

Conclusions

The analysis of streamflow hydrographs for water years 1970-81 generally
indicates flood-wave traveltimes ranging from 20 to 35 days between Columbia and
Scotland. The hydrographs of the record spring flows of 1969 indicate a 12- to 15-day
flood-wave traveltime for the same reach. Computation of traveltime for the same
reach using mean-velocity data and reach lengths indicated a 31 -day water traveltime.

Excluding large flows such as occurred in the spring of 1969, the average
traveltime between Columbia and Scotland is 25-30 days for most flows.
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Table 6.—Traveltime computations for the James River based on mean

velocity (1982 discharge measurements)

Water
Approximate  Approximate Mean Water travel-
reach discharge velocity  travel- time
Location length (cubic feet  (feet per  time by reach
(miles) per second) second)  (days) (days)
Columbia gaging station
35 190 0.31 6.9
U.S. Highway 12
16 230 .27 3.6 14.0
Moccasin Creek 1/ 1/
28 =310 =149 3.5
Stratford gaging station -
9 1,050 .84 .7
Mud Creek 1/ 1/ 2.4
36 =960 ='1.28 1.7
Ashton gaging station -
6 800 1.24 3
Snake Creek
8 930 1.80 .3 8
Turtle Creek
5 2 939 2/} .50 2
Redfield gaging station 2/ 2/ ———-
35 =930 ='1.80 1.2
James Diversion Dam 1/ . 4.4
27 ~' 880 = .51 3.2
Huron gaging station ———-
43 940 1.56 1.7 1.7
Forestburg gaging station --=-
51 920 1.03 3.0 3.0
Mitchell gaging station ——--
29 895 .95 1.9
State Highway 42
2] 880 1.10 1.2
State Highway 44 4.7
23 890 1.29 1.1
Olivet
10 2/ 890 2/1 .29 .5
Scotland gaging station .
Total 31.0 31.0

1/ Average of more than one discharge measurement and more than one mean velocity

computation.

2/ No discharge measurement in reach, upstream measurement used for traveltime

computation.
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ANALYSIS OF STREAM GAINS AND LOSSES
Procedure

The James River, especially the reach within the Lake Dakota Plain, has stream
losses under certain hydrologic conditions. The purpose of this analysis was to
graphically depict stream gains and losses and to analyze these gains and losses.

Mean-monthly streamflow data for eight main-stem gaging stations between
LaMoure, N. Dak., and Scotland, S. Dak., plus five gaged tributaries, were used to
analyze gains and losses. The procedure was similar to that used by Koch (1970)
whereby the monthly net gain or loss for a particular reach was computed as the
difference between the flow for the downstream station and the flow for the upstream
station, minus the flow for any tributaries present in the reach. A positive value
indicated a net gain for the reach in a particular month and a negatlve value indicated a
net loss. )

The monthly net gains or losses were then accumulatecj over time to ascertain
whether or not the stream gains or losses were real or apparent. Real stream gains or
losses can result from diversions, precipitation runoff, ground-water discharge or
recharge, and evapotranspiration. Apparent stream gains or losses can result from
travel lag times, overbank flood storage, bank storage, and reservoir operation.

Discussion
LaMoure, N. Dak. to Columbia, S. Dak.

Historic records from water year 1951 through water year 1981 were used to
analyze this reach. The reach is approximately 96 miles in length, the contributing
drainage area within the reach is about 2,260 square miles, and the reach contains Sand
Lake National Wildlife Refuge, which includes Sand Lake (capacity = 18,000 acre-feet,
and surface area = 6,050 acres at spillway elevation 1,287.52 feet above NGVD of 1929)
and Mud Lake (capacity = 6,600 acre-feet, and surface area = 4,950 acres at spillway
elevation 1,288.23 feet above NGVD of 1929). The area-capacity data are based on
unpublished area-capacity curves prepared by the Bureau of Reclamation in 1981. The
refuge will be discussed in greater detail in a later section of this report.

A plot of the cumulative gains and losses in the reach for water year 1951 through
water year 1981 is shown in figure 12. The results are tabulated in table 14
(Supplemental Information section at back of report). Several periods of relatively
constant stream loss are shown on the plot, the longest of which is between June 1954
and February 1962 when the loss averaged slightly more than 10,000 acre-feet per year
or about 835 acre-feet per month. The periods and associated losses include:
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From To Loss (acre-feet per month)

July 1951 March 1952 930
July 1952 May 1954 770
June 1954 February 1965 835
August 1964 March 1965 625
June 1970 February 1971 450
May 1972 February 1974 690
June 1976 February 1978 900
December 1979 September 1981 1,310

Periods of substantial stream gain include May 1952, May-June 1962, May-July
1969, and July-September 1975 which were high-runoff periods. Periods of substantial
stream loss, probably resulting from filling of Sand and Mud Lakes, include June 1954,
March-June 1974, and April 1975, Periods of apparent stream loss, where the previous
month's loss generally equals the present month's gain (probably caused by travel time),
include June-July 1953, April-May 1965, March-April 1966, March-April 1978, and
April-May 1979.

Further interpretations of the results for water year 1951 through water year
1968 are contained in Koch's work (1970). These same interpretations can be extended
to water year 1969 through water year 1981.

Columbia to Stratford

Historic records from water year 1951 through water year 1972, when the
Stratford gage was discontinued, were used to analyze this reach. The flows for the
Elm River at Westport also were included in the evaluation. The reach is approximately
79 miles long and the contributing drainage area within the reach is between 1,750 and
2,940 square miles (non-contributing drainage area is not available for the James River
near Stratford). The Elm River at Westport flows represent 1,170 square miles of
contrijbuting drainage area, which is 40 to 67 percent of the total contributing drainage
area within the reach. The conveyance capability of the James River is very restricted
in this reach. The bankfull channel capacity of the river near the confluence with
Moccasin Creek is estimated to be as little as 200 ft 3 /s.

A plot of the cumulative gains and losses for water year 1951 through water year
1972 is shown in figure 13. The results also are tabulated in table 15. The general
downward trend of the plot indicates that this reach was losing water for most of the
period of record. During September 1953 to February 1962, the river lost water at a
rate of about 365 acre-feet per month.

Major stream losses are noted during March-May 1960 (20,572 acre-feet), March-
October 1962 (28,347 acre-feet), March-September 1966 (16,324 acre-feet), and April-
September 1969 (40,104 acre-feet). Major flooding occurred in the reach in each of
these years. The losses resulted from entrapment of the flood flows in the overbank
lowlands and subsequent evaporation or transpiration before the water could retum to
the river. This entrapment is due, in part, to the existance of man-made levee systems,
which are overtopped during major floods.
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Smaller losses are indicated during the spring and early summer of water years
1952, 1954, 1955, 1956, 1958, and 1964. These losses probably can be attributed to
transpiration of bank storage. Apparent losses are indicated during water years 1951
through 1953, water years 1962 through 1967, water year 1969, and water year 1972.
The lag time required for these apparent losses to return to the system ranges from 2 to
6 months. Considering the characteristics of the river within the reach, this time does
not seem unreasonable and probably can be attributed to bank storage and overbank
storage of floodflows.

Stratford to Ashton

The period of record used to analyze the reach was limited to water years 1956
through 1969 in order to coincide with the period of record for Mud Creek near
Stratford which is the major tributary inflow within this reach. The reach is about
45 miles long and the contributing drainage area within the reach is less than
1,000 square miles. The Mud Creek basin represents 460 square miles of contributing
drainage area.

A plot of the cumulative gains and losses for the reach is shown in figure 14. The
results also are tabulated in table 16, Major stream losses are indicated in water years
1962 and 1966, which were periods of major flooding. Apparent losses in water years
1964, 1965, and 1967 were returned to the system in 1-2 months. A substantial stream
gain is indicated in the spring of 1969 which was a high runoff period. The results for
the reach are identical to those reported by Koch (1970) and will not be discussed
further in this report.

Ashton to Redfield

Again, the period of record used in the analysis was limited to water years 1956
through 1969 in order to coincide with the period of continuous record for Snake Creek
near Ashton. Tributary flows for Turtle Creek at Redfield also were included in the
analysis of the reach. The length of the reach is 19 miles and the contributing drainage
area within the reach is 3,390 square miles. The Snake Creek basin represents
52 percent of the contributing drainage area and the Turtle Creek basin represents as
much as 45 percent of the contributing drainage area (the noncontributing drainage area
for Turtle Creek is not available).

A plot of the cumulative gains and losses for the reach is shown in figure 15 and a
tabulation of the results is presented in table 17. The plot shows that, for water year
1956 through mid-water year 1962, the James River had virtually no net gain or loss
within the reach. This is understandable for water years 1956, 1958, 1959, and 1961 in
which total annual precipitation at Redfield was normal or significantly less. However,
annual precipitation at Redfield was 10.19 inches greater than normal during water year
1957, which should result in a major stream gain similar to water year 1962 (net gain =
13,120 acre-feet) when total precipitation at Redfield was 7.14 inches greater than
normal. A review of precipitation records reveals that the distribution of monthy
precipitation was much more uniform during water year 1957 than during water year
1962, and the January-March precipitation was much greater during 1962. During water
year 1962, about 55 percent of the total precipitation fell in May and June (the two
maximum months) whereas during water year 1957, only about 37 percent of the total
precipitation fell in the two maximum months (April and May). In addition, the two
maximum months of precipitation were preceded by only 0.67 inch of precipitation in
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the preceeding months in 1957. In water year 1962, the two maximum months were
preceeded by 4.68 inches of precipitation. Therefore, the saturated soil conditions of
spring and early summer of water year 1962 provided for much more runoff than in
water year 1957.

A major stream loss (3,376 acre-feet) is indicated between February and August
of 1966, which was a year of significant flooding in the upper James River. Another
major stream loss (10,462 acre-feet) is shown in March of 1967. The reason for this loss
is unknown. )

Redfield to Huron

Historic records from water year 1951 through water year 1981 were used to
analyze the reach between Redfield and Huron. The reach length is about 62 miles and
the contributing drainage area within the reach is about 1,810 square miles. There are
no long-term, continuous flow records for any tributaries within the reach.

The data in figure 16 indicate that the reach is a continually gaining reach.
Significant streamflow gains are shown for water years 1952, 1953, 1960, 1962, 1969,
1972, and 1978, which were years of greater than normal streamflow, and subsequent
flooding, on the James River. The results also are tabulated in table 18.

Huron to Forestburg

Data for water years 1951 through 1981 also were used to analyze the reach
between Huron and Forestburg. Flows from Sand Creek near Alpena were included in
the analysis. The reach length is about 39 miles and the contributing drainage area
within the reach is about 1,000 square miles. The flows from Sand Creek represent
about 13 percent of the contributing drainage area within the reach.

A plot of the cumulative gains for the reach is shown in figure 17. The data
indicate that the reach is a continually gaining reach with significant streamflow gains
in water years 1952, 1960, 1962, 1969, and 1972, which were years of greater than
normal streamflow. The results also are tabulated in table 19.

Forestburg to Scotland

This reach also was analyzed for water years 1951 through 1981. The only
tributary with long-term records (1955-81) within the reach is Firesteel Creek near
Mount Vernon. However, Firesteel Creek is regulated by Lake Mitchell prior to its
confluence with the James River and it was, therefore, not included in the analysis.
The reach length between Forestburg and Scotland is about 138 miles and the
contributing drainage area is about 2,950 square miles.

The reach is a continually gaining reach and the cumulative gains are plotted in
figure 18. Notable gains are again indicated in water years 1960, 1962, and 1969. From
water years 1956 through 1959, the reach gained at a rate of about 22,500 acre-feet per
year. During water years 1963 through 1968, the rate of gain was about 34,100 acre-
feet per year and during water years 1974 through 1977, the river gained at a rate of
about 16,700 acre-feet per year. The results also are tabulated in table 20.

38



*T8-TC6T SIBIA 191eM ‘3je(] S ‘uoiny pue
PISTIPSY US3M19q JSATY SdWel ay3 3uole sSof 10 UTeS weals SAIIeNWN)-—*9] 3INSTg

AVHA LV
2861 1861 0861 6461 8461 LL6T 9461  GL61  H©i61  €L6T TL61 16T 0L6T 6961 8961 £961
........ Letaasasaoaalaga oy aaldaaaagaaaaaalyaas g aaaadasaataaaaaslaasaaaasaaalaaaaaasaaalasaaaaaaalasssaszasaalansas EEEEIQ
- 002
- 00%
1
¥ ) - 009
L/
l\ _— _ VTN | Ocm
aaot
dVvdA d31vA
9961 <961 4961 €961 7961 1961 0961 6561  8¢6T L66T  9¢6T  ¢661  hS6T g6l 2661 T¢61
222222202222212 asaalasasssaanazlanazasasasalag --“‘.- 28222228 Dasazasasaaslansassasasalenaaaaanaaalasaaasaaaey laaazasaaass Raasesaseanalasaasnaannalasasasaasaealasaanaay o
- 002
- 00b
- 009
- 008
ooat

1334-3YDV 40 SANVSNOHL NI ‘SASSOT YO SNIVD FAILYINWND
39



*18-T1¢6 T S1834 Ja1em “3eQ °S ‘8inqisaip] pue
UOINH US9M13Q JOATY Sawer 3y} Suore SSOT JO Ured weals sArle[fnwn)—* /1 aIndryg

. AVIA VTLYA
Z86T 1861 0861 661 8161 LL61 96T SL61 4i61 €461 ZL61  T/61 OL6T 6961 8961 /961
USRS ETE RN TE NIRRT NV NN ENETACREN TN TSN RN SRRV ETNTI NGRS RNNETE FE PR NR AR AN FPN VRV R U T UTS IR VRN F AT S REN RSN ETI RSNV FUUNERT NN ETE FR TN N TN I TS T NTININ Y FEUT RN RN IN Y FIT TR T NN Y O c
L 002
- 00%
P 009
P gy 008
v - -y > 4 i
- ooot
AVIA JILVA
9961 96T 4961 €961 2z961 1961 0961 6661 8661  LS61 9661 <€C61 #S61 €661  ZS<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>